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Abstract. Allium sativum (garlic), an aromatic bulbous plant is one of the most vital and oldest authenticated
herbs which has been utilized from ancient times as a traditional medicine. 4. sativum has cardioprotective,
antimicrobial, anti-inflammatory, antidiabetic, antioxidant and anticancer properties due to a large range of
phenolic compounds and sulfur containing compounds. The current study was conducted to assess the
antioxidant chemistry, and numerous bioactivities of A. sativum bulbs extracts in different solvents. Ethanol
fraction was the most active antioxidant and showed maximum total phenolic content (16.18 g GAE/100 g),
total flavonoid content (95.04 g CE/100 g) and free radical scavenging activity (75.50 %). Methanol (4 %)
fraction exhibited maximum antiglycation activity. Aqueous, n-hexane and ethyl acetate fractions exhibited
maximal (52 %, 24 % and 38 %) inhibitions of alpha-amylase, alpha-glucosidase and acetylcholinesterase
respectively. In an antimicrobial assay, ethanol (59.05 %) and chloroform (72.92 %) fractions showed
maximum inhibition of Pasturella multocida and Staphylococcus aureus strains respectively. n-butanol and n-
hexane fractions showed maximum (31 %) antihemolytic activity and (20 %) thrombolytic activities
respectively. 4. sativum bulb extracts and fractions have noteworthy bio-efficacies that holds promise to be
used as a source of natural drug to cure various disorders.

Keywords: Antioxidants; 4. sativum; extraction solvents; flavonoid; antidiabetic; ethanol; phenols.

Resumen. Allium sativum (ajo), una planta bulbosa aromatica, es una de las hierbas autenticadas mas vitales y
antiguas que se han utilizado desde la antigiiedad como medicina tradicional. A. sativum tiene propiedades
cardioprotectoras, antimicrobianas, anti-inflamatorias, anti-diabéticas, anti-oxidantes y anti-cancerigenas
debido a una amplia gama de compuestos fendlicos y compuestos que contienen azufre. El estudio actual se
llevd a cabo para evaluar la quimica antioxidante y numerosas bioactividades de extractos de rizoma de A.
sativum en diferentes disolventes. La fraccion de etanol tuvo la mayor actividad antioxidante y mostré un
contenido fendlico total maximo (16.18 g GAE / 100 g), contenido total de flavonoides (95.04 g CE/ 100 g) y
actividad captadora de radicales libres (75.50 %). La fraccion de metanol (4 %) exhibi6 la mayor actividad de
antiglicacion. Las fracciones acuosa, de n-hexano y de acetato de etilo inhibieron la actividad de alfa-amilasa,
alfa-glucosidasa y acetilcolinesterasa, en 52 %, 24 %y 38 % respectivamente. En el ensayo antimicrobiano, las
fracciones de etanol (59.05 %) y cloroformo (72.92 %) mostraron una inhibicion maxima de las cepas de
Pasturella multocida y Staphylococcus aureus, respectivamente. Las fracciones de n-butanol y n-hexano
mostraron actividad anti-hemolitica (31 %) y trombolitica (20 %) respectivamente. Los extractos y fracciones
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de rizoma de A. sativum tienen bioeficacia notable con potencial de ser utilizadas como una fuente de farmaco
natural para curar diversos trastornos.

Palabras clave: Antioxidantes; A. sativum; disolventes de extraccion; flavonoide; antidiabético; etanol;
fenoles.

Introduction

Garlic (Allium sativum L.), an aromatic herbaceous plant is used either as a raw vegetable for culinary
purpose or as a natural medicine for various diseases.

A. sativum has many medicinal properties viz. cardioprotective, antimicrobial, anti-inflammatory,
antidiabetic, antioxidant and anticancer due to a large range of phenolic compounds and sulfur containing
compounds such as alliin, allicin, 1,2-vinyldithiin, allixin, s-allyl-cysteine [1,2] and thiosulfinate, one of the
major organosulfur components containing cysteine sulfoxides and c-glutamylcysteines. Allicin and
thiosulfonate are responsible for antioxidant potential of freshly chopped or crushed garlic bulb. Moreover,
quercetin isolated from the 4. sativum on interaction with vitamin C and E modifies the transferases and
cytochrome P450 isozymes activities, while in vivo experiments demonstrated that three allyl sulfide
constituents of garlic are involved in the regulation of factors associated with cell cycle and proliferation [3].

GLUT-4 gene expression, insulin up-regulation and alpha glucosidase inhibition play a chief role in
the antihyperglycemic action of A. sativum. S-allyl cysteine sulfoxide stimulates the release of insulin from
pancreatic beta cells. Phytoconstituents of 4. sativum bulb protect the cell, enhance tissue protein synthesis,
regulate bio-signaling molecules, transcription, cytokines synthesis, cell endurance and suppress redox stress
[4].

Frequent intake of A4. sativum boosts the internal antioxidant activities as well as downgrades the
adverse effects of reactive oxygen species (ROS) by increasing the synthesis of antioxidants. Alliin inhibits the
formation of ROS, prevents apoptosis by regulating the mitogen-activated protein kinase and reverses
hyperglycemia. Traditional medicine literature is undoubtedly the basis for the invention of novel natural
products [5,6].

Although numerous medicinal aspects of A. sativum have already been studied, however, limited data
is available regarding the biological activities of A. sativum extracts prepared in different polarity-based organic
solvents. Therefore, the present study was undertaken to assess antioxidant, antidiabetic, cytotoxic,
thrombolytic and antibiofilm activities of A. sativum bulb as these parameters are associated with several
pathophysiological conditions such as redox stress, hypertension, diabetes mellitus, and infections.

The current study represents novel successive experimentations to probe the bioactivities of 4. sativum
bulb in six solvents along with the aqueous extract, an investigation setup that might not be used for this plant
previously. The findings of research work may lead to explore new avenues within multifactorial treatment
domains.

Experimental

Plant sample and extracts preparation

The plant material was procured from the local retail market. Shade drying was done for 7 days under
normal air flow and ambient temperatures (20 £ 5 °C) with no exposure to sunlight. Dried sample was ground
to the fine powder. The plant species was authenticated by the Department of Botany, University of Agriculture,
Faisalabad, Pakistan. The powdered sample (300 g) was extracted in methanol in a 1:6 ratio (1 g of plant sample:
6 mL of methanol) by the incubation of sample in methanol for about 3 days at room temperature. After the
filtration, residues were again extracted in the methanol for the next three days. Filtrate which was obtained
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after thrice extraction in methanol was dehydrated completely and put in storage at -4 °C. Methanolic extract
(145 g) was dissolved in distilled water (1:10 ratio) and then partitioned in non-sequential manner by separating
funnel into different solvents such as ethanol (60 g), chloroform (10 g), n-butanol (20 g), ethyl acetate (5 g),
aqueous (10 g) and n-hexane (25 g) [7].

Chemicals, reagents, enzymes

Laboratory grade chemicals, reagents and enzymes from Sigma-Aldrich, Germany and USA were
used. These included methanol, n-hexane, n-butanol, ethanol, ethyl acetate, chloroform, DPPH (2, 2-diphenyl
l-picrylhydrazyl, AICI3, Potassium acetate, Folin- Ciocalteu reagent, Sodium carbonate, Glucose, Bovine
Serum Albumin, Na,HPOj,, Starch, Alpha glucosidase (G5003-100UN, Saccharomyces cerevisiae), Alpha-
amylase enzyme (porcine pancreatic), DNS (dinitro-salicylic acid) reagent, DTNB (5, 5-dithio-bis-2-
nitrobenzoic acid), acetylcholinesterase enzyme (C3389-2KU, Electrophorus electricus), acetylcholine iodide,
physostigmine, metformin hydrocholoride, acarbose, ampicillin. Microbial strains were procured from the
Institute of Veterinary Microbiology, University of Agriculture, Faisalabad, Pakistan.

Antioxidant chemistry

Antioxidant contents and activity were determined as described earlier [7]. For the estimation of total
flavonoid content (TFC), test samples + NaNO; + distilled water were mixed and later AICI3 (300 puL) and
NaOH (1 mL) were added and then incubated at room temperature. Spectrophotometer was used to check the
absorbance at 510 nm. TFC was reported as g catechin equivalents /100 g dry weight (methanol extract). For
total phenolic content (TPC), 20 % sodium carbonate was added following the mixing of all the extracts with
the reagent. After that, the mixture was heated at 37 °C and then cooled. Absorbance was measured at 750 nm.
Outcomes were depicted as g gallic acid equivalent/100 g dry weight (methanol extract). Free radical
scavenging potential was evaluated by mixing the extracts with the 0.1 mM solution of 2, 2-diphenyl-1-
picrylhydrazyl in methanol. Absorbance was measured at 515 nm. Calculation: % radical Scavenging (ICso) =
100 x [OD (control) — OD (sample) /OD (control)]~

Anti-diabetic activity
Antiglycation activity

Antiglycation activity was assessed by following the protocol of Hussain ef a/ [7]. D-glucose solution
(150 pL), bovine serum albumin (150 uL), extract sample (150 pL) were mixed. Mixture was incubated for
ten days at 37 °C. Metformin was used a positive control. % Inhibition: 100 X (control Optical Density — sample
Optical Density (sample) / control Optical Density).

Alpha-amylase inhibition assay

For alpha amylase inhibition assay, 0.1 U/mL of a-amylase (porcine pancreatic enzyme, Sigma
Aldrich), sodium phosphate buffer solution (pH 6.9), starch (substrate) and test samples (100 pL each) were
incubated at 25 °C for 30 minutes and then the reaction mixture was heated for 5 minutes in boiling water bath
after addition of 3, 5-dinitrosalicylic acid (DNS) to stop the enzyme catalysis. Absorbance was assessed at 540
nm. Acarbose (synthetic inhibitor) was used as a positive control [7]. Inhibition was estimated as: [control
sample absorbance — test sample absorbance (sample) / control sample absorbance] x 100.

Alpha-glucosidase inhibition assay

In alpha-glucosidase inhibitory assay, 500 pL of 0.1 M phosphate buffer (pH 6.9), 100 uL test samples
and alpha-glucosidase solution (1.0 U/mL) were taken and incubated at 25 °C for 10 minutes. In each test tube,
500 pL of 5 mM p-nitrophenyl-a-D-glucopyranoside solution in 0.1 M phosphate buffer (pH 6.9) was added
after incubation. For 5 minutes the reaction mixtures were incubated at 25 °C [7]. The absorbance was measured
at 405 nm using a microplate reader. Methanol and acarbose were used as positive and negative controls
respectively and the experiment was performed in duplicate. Percentage of a-glucosidase inhibition was
calculated as: % inhibition = (1= A (sample) /A (controty) * 100
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Acetylcholinesterase inhibition assay

Acetylcholinesterase inhibitory activity was evaluated following the method of Hussain et al [7]. By
dissolving the enzyme in 0.1 M phosphate buffer, enzyme solution was prepared so that the concentration of
the enzyme in the reaction mixture was about 0.0025 U/mL and this enzyme solution was kept in the iced water
bath at 5 °C. Then 30 pL test sample, 2.81 mL 0.1M phosphate buffer, 100 uL. of DTNB (5,5-dithio-bis-2-
nitrobenzoic acid) stock solution and 30 pL of AChE enzyme stock solution were mixed and incubated at 25 °C
for 5-10 minutes. After incubation, 30 pL of substrate stock solution was added and absorbance was recorded
at 412 nm. As a positive control, 0.441 g amygra (physostigmine bromide) tablet (Tabros Pharma Pvt Ltd,
Karachi, Pakistan) was dissolved in 10 mL distilled water and as a negative control methanol was used.
Percentage of inhibition was calculated by using the following formula: % inhibition = [A (control)— A (sample) /A
(control)] % 100.

Antimicrobial assay

Garlic bulb extracts/fractions along with strains of bacteria (P. multocida, S. aureus) were combined
in the nutrient medium, then placed in 96 well microtiter plates and were incubated for 1 day. Later, crystal
violet was added following the washing of plates with phosphate buffer saline. Plates were air-dried and the
dye bound to the adhered cells was solubilized with 100 pL glacial acetic acid (33% v/v) per well. Absorbance
was calculated at 630 nm. Ampicillin was a positive control. Percentage (%) biofilm inhibition: (OD contro-OD
sample/ OD control) x 100 [7]

Blood protection assays

For the assessment of thrombolytic activity [8], blood was taken in the micro-centrifuge tubes and for
the development of clot, these tubes were placed at room temperature. Serum was removed and then the weight
of the clot was checked. Clot lysis was observed after the addition of extracts. Post-incubation, tube weight was
checked to calculate weight difference upon clot disturbance [9]. Briefly, centrifugation of blood specimen was
done at 1500 rpm, plasma (supernatant) was discarded and then PBS (phosphate buffer saline; pH 7.4) was used
thrice to wash the pellets. After those cells were combined with the tested extracts and incubated. Absorbance
was noticed at 576 nm. Positive (citric acid) and negative (distilled water) controls were used.

For hemolytic activity, the cytotoxicity of the plant extract and its polar fractions was analyzed
by the method of Powell et al. [10]. To separate the plasma from the cellular portion of blood, blood samples
were collected and centrifuged at 1500 rpm for three minutes. Plasma was discarded and with 5 mL of chilled
(4 °C) sterile isotonic phosphate buffer saline (PBS; pH 7.4) the pellets were washed three times and centrifuged
again at 1500 rpm for 5 minutes and in normal saline a suspension of cells was prepared. On haemacytometer
the washed RBCs were counted, maintaining the RBCs count to 7.068 x 10® cells per mL for each assay. Then
20 pL of each fraction was taken in 2 mL Eppendorf tubes with 180 pL diluted blood cell suspension and
incubated at 37 °C for 35 minutes. After 10 minutes the tubes were agitated, placed on ice for 5 minutes and
again centrifuged for 5 minutes, 100 uL supernatant was taken from the tubes and diluted with 900 mL chilled
PBS, after centrifugation. After dilution, all tubes were placed on ice. Then into a 96-well plate, 200 pL of the
mixture from each tube was added. For each assay 0.1 % Triton X-100 was taken as a positive control, and PBS
as a negative control. At 576 nm the absorbance was registered by a Bio TeK, p Quant (BioTek, Winooski, VT,
USA).

Percentage of hemolytic inhibition was calculated by the subsequent formula:

% Hemolysis inhibition= (A (sample) — A (negative control) /A (positive control) — A (negative control)) x 100

Statistical analysis
Data were presented as mean =+ standard error (SE) or percentage and all measurements are average of
triplicates. Statistical Packages for Social Sciences (SPSS, version 16.0) was used for the interpretation.
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Results and discussion

Antioxidant chemistry

Flavonoids and polyphenols are common natural antioxidants present in medicinal plants. TPC, TFC
and DPPH assay examinations of all fractions are shown in table 1. Highest total flavonoids contents were
found in ethanol (95.04 £+ 0.212) and lowest were recovered in n-butanol (9.59 £ 0.019), as grams catechin
equivalents /100 g of plant. Likewise, the phenolic contents in different fractions were in the range of 1.84 +
0.015 to 16.18 = 0.034 GAE mg/g plant. Maximum (75.50 %) radical scavenging activity was shown in the
ethanol fraction.

Phenols have an aromatic ring along with at least one hydroxyl (OH) group. S-allyl cysteine, one of
the active constituents of garlic, is reported to possess antioxidant and anti-diabetic potentials. Major differences
in findings of TPC, TFC contents and antioxidant activities among various extracts/fractions in current research
may be due to varied number of phytoconstituents present in sample, extraction solvent nature and post-
extraction treatment [11].

Previously, TPC was calculated as 6.99 + 0.39 pg GAE/ mg in methanol extract of A. sativum bulbs
[12] and extract of 4. sativum exhibited TPC 562.6 + 1.92 mg/100 g GAE [13]. Flavonoids suppress the glucose
level and increase hepatic glucokinase efficacy by triggering the release of insulin from pancreatic islets [14].
Range of antioxidant activity was 45.55 to 75.50. Our results regarding antioxidant activity of A. sativum
extracts are in accordance with literature data. Earlier, 4. sativum bulb methanolic extract showed DPPH
scavenging ability of 21.69 + 3.22 mg/mL [12]. Similarly, in another study fresh garlic exhibited 21.68 percent
antioxidant inhibition [13]. It is suggested that 4. sativum ingestion enhances internal antioxidant activities and
decreases oxidative adverse effects. These effects are attributed due the presence of allicin [5,6]. However,
some polysaccharides in raw A. sativum bulb also showed antioxidant efficacies [6].

Antidiabetic Activity

Advanced glycation end products (AGEs) are elevated due to few pathological circumstances such as
oxidative stress (OS) in the patients of diabetes [15]. Such rise of AGEs prompt T lymphocytes destruction. In
the current study, methanol fraction exhibited optimum (4 %) antiglycation effect. Whereas ascending trend of
other fractionations was ethyl acetate < chloroform < n-butanol < aqueous < n-hexane < ethanol < methanol
(Table 1). In a previous study A. sativum bulb ethanolic extract inhibited glycation process up to 26.1 % [16].
Flavonoids, epicatechin, gallic acid and p-coumaric acid reduce the glycated derived free radicals [17].
Polyphenols play vital role as glycation inhibitors [18]. These polyphenols are present abundantly in natural
products and work effectively in inhibition of Schiff base and Amadori products along with blockage of AGE
receptors [19]. Inhibition of glycoside hydrolases and non-enzymatic glycation can be beneficial to reduce
hyperglycemia and formation of AGEs. Rutin, ascorbic acid, aminoguanidine and quercetin are used as
antiglycative agents because they have ability to cleave the AGEs induced chemicals cross links [15].
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Table 1. Antioxidant chemistry and biochemical profile of A/lium sativum L. bulb in extraction solvents of varying polarity.

Activities Fractions
Methanol Ethanol Ethyl acetate n-hexane n-butanol Chloroform Aqueous Control
Antioxidant profile
TFC 72.96 £0.03 | 95.04+0.212 11+0.021 12.09+£0.02 | 9.59+£0.019 | 17.09£0.02 | 20.77 £0.03 -
TPC 12.08 £0.29 | 16.18+0.034 3.5+£0.071 2.34+0.077 | 1.84+£0.015 | 8.52+0.028 | 14.72+0.06 -
DPPH (ICso) 74.68 75.50 46.59 51.59 45.55 55.41 67.70 90
Antidiabetic profile (% inhibition)
Antiglycation 4 3 015 | 2 | 049 0.34 0.69 53
Antimicrobial assay (% inhibition)
S. aureus 48.76 59.21 0 40 15.88 72.92 44.65 80.24
P. multocida 55.68 59.05 0 28.10 19.88 36.94 50.65 82.24

Data expressed as (mean + SE) or percentage. All the extracts showed statistically significant results p < 0.05.
TPC: total phenolic contents expressed as g gallic acid equivalents /100 g dry weight; TFC: total flavonoid contents expressed as g catechin equivalents/100 g dry
weight; DPPH: 2, 2-diphenyl l-picrylhydrazyl.
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In the management of type 2 diabetes mellitus, alpha amylase inhibition is an important strategy [20]
because its activity in the small intestine is correlated to the rise in levels of postprandial glucose. In the current
study, aqueous fraction caused highest (52 %) inhibition values of alpha amylase, while the lowest inhibition
was obtained by ethanolic extract 13 % (Fig. 1). Previously, ethanolic extract of A. sativum bulbs had a notable
inhibitory effect on alpha amylase from 10.27 £ 0.48 to 54.96 £ 0.40 % [39]. In another research [21],
percentage alpha amylase inhibition by methanolic extract of 4. sativum was 64.91 £ 10.91 %, but in this study
methanolic extract showed only 14% of inhibition. The potential of A. sativum bulbs to retard glucose
absorption by restricting glucose hydrolyzing enzymes might be attributed to the presence of primary and
secondary metabolites such as polysaccharides and phenols [20]. It has already been demonstrated that
inhibitors of alpha amylase prevent carbohydrates breakdown and ultimately provide an effective way to lower
postprandial hyperglycemia [22]. Another suggestion is that sulfur compounds present in A. sativum might be
responsible for the alpha amylase inhibition [23]. All fractions showed less enzymatic inhibition than synthetic
inhibitors and this result is not in accordance with previous finding [24] which show that some medicinal plants
have greater alpha amylase inhibition than acarbose, the synthetic inhibitor.

Highest a-glucosidase inhibition was shown by ethyl acetate (48%) fraction of A. sativum bulbs.
Enzyme inhibition shown by other extracts in ascending order was as: aqueous < ethanol< methanol < n-butanol
<chloroform < n-hexane (Fig. 1). Among the sulfur and phenolic compounds in 4. sativum L., methionol and
caffeic acid were predicted to be the most powerful inhibitors in a previous study, due to having more hydrogen
bonds and hydrophobic interactions with the active site of a-glucosidase [25].

Highest acetylcholinesterase (AChE) inhibition was shown by ethyl acetate extract (38 %). Other
fractions exhibited inhibition in descending order as: methanol > ethanol > chloroform > n-hexane > n-butanol
> aqueous (Fig.1). In current research, AChE inhibition range shown by 4. sativum extracts was 17-38 %.
Previously, essential oil extracted from 4. sativum inhibited AChE activity up to 65.4 % [26]. Essential oils
also reduced the activity of AChE in hippocampal homogenates [27, 28]. In conclusion, present data suggests
that Allium sativum extracts and fractions are active inhibitors of AChE and hold promise to be used for the
treatment of neurological manifestations.

70 N Alpha amylase
M Alpha glucosidase
60 u AChE
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Extracts/Fractions

Fig. 1. Enzymes inhibition assays. Percentage inhibition of enzymes by plant extracts (methanol,
aqueous)/fractions (n-butanol, ethanol, ethyl acetate, n-hexane, chloroform). Results are presented as means +
S.E (n=3). AChE: acetylcholinesterase.

475



Article J. Mex. Chem. Soc. 2021, 65(4)
Regular Issue

©2021, Sociedad Quimica de México

ISSN-e 2594-0317

Antimicrobial assay

A biofilm inhibition-based method was used and results indicated that ethanol and chloroform fractions
of A. sativum bulbs showed highest inhibition (59.05 %) and (72.92 %) against P. multocida (Fig. 2A) and S.
aureus (Fig. 2C) respectively. Whereas ethyl acetate fraction did not inhibit growth of any of the strains (Fig.

2B and 2D).
-

Fig. 2. Antibiofilm assay — highest and lowest growth inhibition. A, C: P. multocida and S. aureus growth
inhibitions by ethanol and chloroform fractions. B, D: no growth inhibitory effects of ethyl acetate on both
strains

Biofilm plays an essential role in antimicrobial resistance of the microbial pathogens [29]. Ethanol and
methanol extracts of A. sativum bulbs were able to strongly prevent biofilm formation by Streptococcus
pneumonia, Bacillus cereus and S. aureus up to 88.51 %, 88.61 % and 52.8 % respectively [30] and these results
are compatible with ours. A. sativum bulbs have antimicrobial activity against gram negative and positive
bacteria [31]. Prominent bactericidal effect of 4. sativum may be due to either growth inhibitory effects of
allicin or its ability of restraining microbial adherence on surface, an important stage in biofilm development.
Moreover, biofilm gene expression is down-regulated by allicin, thiosulfate group that reacts with the numerous
cellular proteins in pathogens, suggesting the therapeutic efficiency of A. sativum on settled biofilm [1,32,33].

Blood protection activity

In current study, anti-thrombolytic efficacy of different fractionations of 4. sativum are in range of 9 %
to 20 %. Deep vein thrombosis, stroke and heart attack are among the cardiovascular conditions which alter the
blood coagulation [34] and are modulated by antithrombogenic drugs [35]. Natural products have various
antithrombogenic constituents that can be better therapeutic adjuncts than synthetic drugs as these have lesser
side effects.

According to Batiha et al. [36], garlic formulations are extensively utilized to inhibit thrombosis.
Previously, ethanolic and aqueous extracts of 4. sativum exhibited significant fibrinolytic activity [37]. A study
[38] revealed that A. sativum triggers the fibrinolytic activity by enhancing the activation of t-PA (tissue-type
plasminogen activation) mediated plasminogen and also, reduces the thrombin formation by suppressing
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coagulation system. Diallyl trisulphide and diallyl disulphide exhibit less platelet thromboxane formation and
antiplatelet activity than the placebo.

ROS alters the structure and function of biomolecules. Oxidative damage to lipid and protein moieties
of red blood cell membranes are involved in hemolysis. However, numerous phytoconstituents are better anti-
hemolytic agents and offer defense against cellular redox impairments [39]. Effect of plant extracts on blood
cells is essential not only to assess the safety and efficacy of natural medicines but also to detect toxicity. In
current study, n-butanol fraction exhibited the highest antihemolytic activity i.e. 31 %, followed by ethyl acetate
fraction (28 %). Aqueous extract exhibited minimum (3 %) red blood cells protective potential. Current results
can be justified by the fact that hydroxyl groups of the plant polyphenols scavenge the free radicals and protect
blood cells [40,41].

These inferences are in accordance with the previous reports that A. sativum protected erythrocytes
against H,O, induced osmotic lysis due to the sulfur containing allicin compound, which was found to have
antioxidant activity [42,43].

Conclusion

Therapeutic potentials of 4. sativum bulb are well known worldwide as evidenced from available
literature. In current study various solvent extracts and fractions of garlic bulb were probed to compare the
bioefficacies. It is concluded that all the A. sativum bulb extracts and fractions exhibited variable but appealing
bioactivities and 4. sativum bulb can be used to ameliorate diverse pathophysiological conditions. However, in
vitro assessments cannot be applied to in vivo settings. Further investigation involving structural
characterization of bioactives and clinical trials is warranted.
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